ABSTRACT Seventeen men were studied during the cleaning of bottom ash from the boiler of an oilfired electricity generating station. The men were exposed to a time weighted average respirable dust (< 10 ,u) of 523 ,ug/m3, containing 15-3 % vanadium. Sixteen of the men wore respirators, subsequently found to have peak leakages of up to 9%, while one volunteer had a one-hour exposure wearing only a compressed paper oronasal mask. Symptoms experienced by the men were recorded, urine samples were collected for assessment of vanadium concentration 24 hours after the first exposure, and spirometry was performed daily for four days and on the eighth day. Pronounced reductions in forced vital capacity (mean 0 5 1), forced expiratory volume (mean 0-5 1), and forced mid-expiratory flow (mean 1 16 l/s) had occurred within 24 hours of first exposure to the dust, and had not returned to pre-exposure levels by the eighth day. Four weeks after exposure no residual deficits were present. A urinary vanadium concentration of 280 ,Lg/l was found in the volunteer, but none of the others had concentrations above the test-threshold of 40 jig/l. Symptoms and signs of airway irritation were noted. The timing, duration, and quality of changes in lung function, however, indicated that the response could not be attributed solely to a reflex bronchial reaction to irritation by an inert dust.
Shellfish have a high content of the element, and it is from that source that vanadium in fuel oil originates.
The first report of occupational exposure to vanadium was made by Dutton in 1911.2 He reported that men exposed to vanadium oxide in dust and fume complained of dry cough and eye irritation. In 1956 Gul'ko3 reported that symptoms of respiratory tract irritation (sneezing, minor epistaxis, and coughing) and eye irritation were experienced by men occupationally exposed to dust containing a mixture of vanadium pentoxide, sodium, and ammonium metavanadate.These men were exposed to vanadiumbearing dust concentrations ranging from336'to 25-1 mg/m3, 95 % of which consisted of particles below 5 it.
In 1955 Sjoberg examined seven men who cleaned large oil burners.4 Face masks of an unspecified type were worn by the men who subsequently complained Received 1 June 1979 Accepted 30 July 1979 of eye irritation (3 cases), bronchial irritation (6), wheezing (5), cough (6) , and dyspnoea (1). The signs and symptoms of respiratory irritation appeared one to two days after work had started and had disappeared within a few days of leaving the contaminated area.
In 1962 Zenz et a!5 studied the effects of pure vanadium pentoxide inhaled, in concentrations believed to be greater than 0 5 mg/m3 of air, by 18 men. The complaints were as described above plus wheezing respiration, but on examination conjunctivitis, inflammation of the throat, and numerous pulmonary rales were found. These The bottom ash at this generating station has an average vanadium content of 15-3 %, while the vanadium content of the crusted deposits, or clinker, has been measured at 24-2 to 35%.
Method of study
Before exposure a medical history was taken from each man with particular emphasis on symptoms from the eyes, skin, and respiratory tract. A clinical pulmonary examination was made, and FVC and FEV1 measured on a Vitalograph Wedge Bellows spirometer. Three blows were made by the subjects on each occasion and the best performance recorded. From the spirometry graphs was calculated the forced mid-expiratory flow (FMF)-that is, the average rate of air flow between 25 % and 75 % of the FVC. All recordings were corrected to body temperature, normal barometric pressure, saturated (BTPS). A skin patch test was made on each man using a 2% aqueous solution of sodium vanadate and read 48 hours later.
Serial spirometry was performed on each subject at 24-hour intervals, starting on the day work began and for three days thereafter; a final spirometric record was obtained on the eighth day after initial exposure.
On the day after completing the cleaning operation Lees the men were clinically examined and their symptoms were recorded. One man volunteered, for study purposes, to work for a one-hour period in the hopper wearing a compressed paper oronasal mask only.
Results
None of the 17 men gave a pre-exposure history of eye, skin, or respiratory symptoms, but a total of 44 symptoms were reported during the study (table 1) . There were no positive patch skin tests. Clinical examination after dust exposure provided no surprises in the light of the reported symptoms. Coarse rhonchi were audible in all who complained of wheezing, while widespread rales were found in two others. No areas of consolidation were noted.
Single urine samples were obtained from the men on the morning after first exposure. Analysis of urine was carried out using flameless atomisation atomic absorption with simultaneous background A more sensitive urinary analytical technique for measuring vanadium concentrations in single, small volume specimens has since been developed (Page J, unpublished work) and is now being used in further studies. Men studied subsequently have been found teer, with a vanadium to have postexposure urinary vanadium concentra-5-488 ,umol/l) exceeded tions of 26-33 ,ug/l (0-509-0-647 ,tmol/l). The cor-784 ,umol/l) set for this responding figure in normal subjects without comprised particles of occupational exposure is less than 0-2 ,ug/l (0-0039 sampling of respirable pmol/l).' tthing zone was underIn contrast to the findings of Zenz et a15 and Zenz and indicated a mean and Berg6 there were pronounced changes from base-'3 ,tg/m3, suggesting a line values for FVC, FEV1, and FMF after exposure cess of 26 mg/m3. to the dust. Changes began within 24 hours after exposure and had not recovered by the eighth day. Because of the work patterns of those concerned it was not possible to follow the volunteer's lung n ash hoppers becomes function over the eight days, but the data in table 2 ng. The threshold limit suggest, by extrapolation of the line of recovery of st) is 0-5 mg/m3.8 lung function, that a period of about ten days is 
